The essential oil of Teucrium arduini L. was characterized by a high concentration of sesquiterpene hydrocarbons (43.8%) of which β-caryophyllene (19.9%) being the major compound, followed by oxygenated sesquiterpenes (19.6%) of which caryophyllene-oxide (14.6%) was dominant. When applied to plants of Chenopodium amaranticolor and Ch. quinoa for two successive days prior inoculation, the oil was effective in reducing lesion numbers on plants infected with Tobacco mosaic virus (25.7%) and Cucumber mosaic virus (21.9%). The main components of oil, β-caryophyllene and caryophyllene oxide showed potent antiviral activity against CMV, but weak activity against TMV infection.
The genus Teucrium which belongs to the family Lamiaceae, includes 300 species widespread all around the world, chiefly in the Northern Hemisphere. In flora of Croatia, this genus is represented by 11 species, one of which is Teucrium arduini L., Mediterranean endemic plant with restricted range in the Western Balkans, distributed along the Adriatic Coast from the Istra Peninsula in Croatia in the north to Albania in the south [1, 2] . Representatives of Teucrium genus have been used for more than 2000 years as medicinal herbs [3] [4] [5] .
Previous chemical research on Teucrium species revealed the presence of volatile oil, tannins, terpenoids (mostly diterpenoids), flavonoids and steroid compounds [6] . Teucrium species were found to possess a wide range of biological activities such as antioxidant, antimicrobial, antifungal, larvicidal, antispasmodic, antinociceptive, antiinflammatory, antiulcer, hypoglycemic, antiacetylcholinesterase and hepatoprotective activities [7] [8] [9] . Some of these effects are attributed to the presence of the essential oils. Despite a wide spectrum of biological activities of essential oils, there is only little information available about the effects of essential oils on viruses or viral infection in plant systems [10] [11] [12] . In the framework of our investigation on the chemical composition of the essential oil of endemic T. arduini, we report here for the first time antiphytoviral activity of T. arduini essential oil and the main components of oil against Tobacco mosaic virus (TMV) and Cucumber mosaic virus (CMV).
Water distilled essential oils from aerial parts of investigation plant have been analyzed by GC/FID and GC/MS using VF-5ms capillary column. The total yield of oil was 1.7%, based on dry weight of samples. Thirty two compounds were identified and they represent 95.1% of the total oil. The oil was characterized by a high concentration of sesquiterpene hydrocarbons (43.8%) of which β-caryophyllene (19.9%) being the major compound, followed by oxygenated sesquiterpenes (19.6%) of which caryophyllene-oxide (14.6%) was dominant ( Table 1 ). Oxygenated monoterpenes constituted 19.1% and monoterpene hydrocarbons 12.6% of the total oil. β-caryophyllene was also identified as the major compound in the oil of T. orientale var. puberulens (21.7%), T. chamaedrys subsp. lydium (19.7%) [13] , Teucrium scordium L. (22.8%) [14] , T. royleanum (23.6%) and T. quadrifarium (38.3%) [15] . Caryophyllene-oxide was major compound in the oil of T. stocksianum (5.7%) [16] and T. montbretii ssp. heliotropiifolium (8.8%) [17] . Previous papers on the analysis of the essential oils of Teucrium spp. indicated the sesquiterpenes as a dominant group [13] [14] [15] [16] [17] [18] .
So far, only a few studies have revealed the antiphytoviral activity of pure essential oils [10] [11] [12] . Satureja montana essential oil and major components of oil thymol and carvacrol showed antiphytoviral activity against TMV and CMV. Essential oil/components of oil are applied simultaneously with infecting virus and showed antiviral mechanism by direct inactivation of viral particles [12] . In our study, spray solution of essential oil, β-caryophyllene and caryophyllene oxide were applied on local hosts Chenopodium amaranticolor and Ch. quinoa for two successive day prior TMV and CMV inoculation. A comparison (t-test) of the mean number of lesions on oil-treated plants with the corresponding control indicated that oil treatment reduced lesion number on both TMV and CMV infected plants. The percentage of inhibition was 25.7% for TMV infection, and 21.9% for CMV infection ( Table 2) . We wanted to examine whether the main components β-caryophyllene and caryophyllene oxide are responsible for the antiviral activity of oil. When applied individually, β-caryophyllene and caryophyllene oxide showed potent antiviral activity against CMV with percentage of inhibition 30.8% and 36.9%, respectively ( Table 2 ). Antiviral efficiency of both components was increased in relation to the essential oil. These results suggest that these components are responsible for antiviral activity of essential oil of T. arduini against CMV. When the same components were applied before TMV inoculation, only slight reduction of local lesions was noticed. Possible explanation could be the fact that antiviral activity of the T. arduini essential oil against TMV is attributed to the other components of the oil. Synergistic antiviral effect of components in the oil is also possible reason for antiviral activity of oil against TMV. This is supported by the fact that different extracts of many plants were tested for antiviral activity and it was explained due to their content of diterpenoids and essential oils [11, 19] .
In our investigation, T. arduini essential oil and dominant components of the oil β-caryophyllene and caryophyllene oxide showed mechanism of antiviral activity by inducing resistance response in the host. The possibility of other mechanisms for the antiviral activity of the oil, such as direct inactivation of viral particles, remains as a question that should be explored.
The aim of the present study was to contribute the knowledge of essential oil composition and antiphytoviral activity of the endemic T. arduini. 
Experimental

Plant material for essential oil analysis: Plant material of
Isolation and GC-MS analysis of essential oils:
Aerial parts of plants were performed in a shady place at room temperature for 10 days. Plant tops during flowering were used for the analysis of essential oil composition. Dried aerial parts of plant material (100 g) were subjected to hydrodistillation for 3 h in Clevenger type apparatus. The obtained essential oil was dried over anhydrous sodium sulphate and 1 µL was used for GC/FID and GC/MS measurements.
GC/FID analyses were performed on Varian 3900 gas chromatograph equipped with a flame ionization detector (FID) and VF-5ms capillary column (30 m x 0.25 mm, film thickness 0.25 μm) with a 5%-phenyl-95%dimethylpolysiloxane as the stationary phase. Hydrogen was used as the carrier gas, flow rate was 1.2 mL/min; the injection volume 1 μL whit a split ratio 1:10, GC oven temperature was kept at 50°C for 5 min, and programmed to 250°C at a rate of 5°C/min. Antiphytoviral essential oil from Teucrium arduini Natural Product Communications Vol. 6 (9) 2011 1387 GC/MS analyses were carried out on a Varian Saturn 2000 system equipped with a VF-5ms with similar temperature programmed as in GC, transfer line temperature was 250 °C, carrier gas helium with a linear velocity of 31.5 cm/s, split ratio 1/60, ionization energy 70 eV, ion source temperature 280°C, mass range 40 -600 mass units.
The individual peaks were identified by comparison of their retention indices of n-alkanes to those of authentic samples and literature [20] , as well as by comparing their mass spectra with the Wiley 6.0 library (Wiley, New York) and NIST/02 mass spectral database. The percentage composition of the samples was computed from the GC peak areas using the normalization method.
Plant hosts for antiphytoviral studies: Seeds of
Chenopodium amaranticolor Coste & Reyn. and Ch. quinoa Willd. were sown in trays containing Klasmann universal compost and maintained in a greenhouse (23ºC, 16:8 h light/dark cycle) with watering as required. When the seedlings were large enough to handle they were potted individually into 10 cm plastic pots containing fresh compost. Plants were grown in a greenhouse under same conditions. Experimental plants were selected three weeks after sowing, when they had four true leaves. Care was taken to ensure that the experimental plants were as uniform in size as possible.
Solution of essential oil, β-caryophyllene and caryophyllene oxide:
Spray solutions containing 500 ppm of oil/β-caryophyllene/caryophyllene oxide in distilled water were prepared. To overcome insolubility of the oil in water, 75 μL of oil was mixed with 0.1 mL of the surfactant Triton X containing 0.05 mL ethanol and subsequently made up to 150 mL with distilled water. Application to the local host plants: Spray solutions of essential oil, β-caryophyllene and caryophyllene oxide were applied to the local lesion hosts for 2 successive days prior to TMV and CMV inoculation. Control sprays were of distilled water/Triton X/ethanol. Plants were sprayed to run-off with either an oil/components or control solution.
The second day of treatment plants were left to dry for 15 min and then inoculated with prepared viral inoculum. All treatments were repeated for three times on plants selected for uniformity and grown in a greenhouse (23ºC; 16:8 h light/dark cycle). Local lesions were counted 6 days post inoculation (p.i.) and the inhibition percentage was calculated by comparing the number of viral lesions on treated and control group according to the formula: Statistical Analysis: The significance of difference between mean value for treatment and control was estimated statistically using one tailed student T-test.
